The objective is to present a brief overview of peptide and non-peptide factors secreted from adipocytes and to describe some studies on the postulated role of the locally active triad angiotensinogenaangiotensin IIaprostacyclin in the developmentaenlargment of adipose tissue mass and increased blood pressure. In addition to the role of adipose tissue as an endocrine organ, the results emphasize the autocrineaparacrine mechanisms which are postulated to play a role in adipose tissue development and enlargment.
Introduction
The concept that adipose cells are secretory cells, releasing both peptide and non-peptide compounds, has emerged over the last decade. Three properties allow adipose tissue to communicate with other organs but also allow adipocytes to communicate with surrounding cells within the tissue.
Secreted proteins and lipid metabolism
Among secreted proteins exhibiting a catalytic activity, lipoprotein lipase has long been known to regulate a critical limiting step at the endothelium cell surface, ie the hydrolysis of triglyceride-rich lipoprotein particles. 1 Subsequent to their entry within the interstitial space surrounding adipocytes, their clearance may be regulated by the acylation stimulating protein (ASP). ASP, which is a product generated through the combined action of factors B, C3 and D (adipsin), all secreted from adipocytes, stimulates triglyceride synthesis in adipocytes. 2 
Secreted factors and endocrine functions
That adipocytes are endocrine cells was clearly illustrated by the cloning of the ob gene and the subsequent innumerable studies on leptin. 3, 4 However, the additional role of adipose tissue as both a target tissue and a producer of sex steroid hormones has remained controversial. Indeed, although white adipose tissue was already recognized as an important source of estrogens in men and post-menopausal women, the direct effect of sex steroid hormones in adipocytes has remained elusive until recently. In the last few years, in addition to that of glucocorticoid receptors, 5 the characterization of nuclear receptors of estrogens, 6 androgens 7 and progesterone 8 in human adipose tissue has been reported, which may explain the negative effect of androgens 9 and the positive effect of cortisol 10 on ob gene expression and leptin secretion from human adipocytes.
In contrast to androgens and glucocorticoids, estrogens show no effect on both parameters. 9 Together, these results show that adipose tissue is both a producer (and target?) of estrogens and a target of androgens, and they are consistent with the reversal of sex difference in serum leptin levels upon cross-sex hormone administration in transsexuals, implicating adipocytes as cells upon which sex steroid hormones are directly active to modulate leptin secretion. 11 Autocrineaparacrine mechanisms involving secreted factors active in adipose tissue development and enlargment
We reported initially that long-chain fatty acids (saturated and unsaturated) act as transcriptional regulators of lipid-related genes 12 and dramatically enhance the terminal differentiation of preadipose to adipose cells. 13 Among fatty acids, arachidonic acid was characterized as a major adipogenic factor puri®ed from serum 14 and further studies showed that this essential fatty acid is mainly active as a precursor of prostacyclin. 15 Prostacyclin or its stable analog carbacyclin trigger the terminal differentiation of mouse preadipose cells from Ob17 clonal line, whereas carbacyclin increases the differentiation of rat and human preadipocytes in primary culture. 16 We assume that prostacyclin plays a key and speci®c role locally in the differentiation of adipose precursor cells as: (i) preadipose cells synthetize prostacyclin 17 and express simultaneously the cell surface prostacyclin receptor (IP-R); 16 adipose cells become unresponsive to prostacyclin 16 but remain able to synthesize this eicosanoid only after stimulation by angiotensin II; 18 (ii) compared to prostacyclin, other prostaglandins (PGE 1 and 6-keto-PGE 1 ), are also able to both bind to the IP-R and alter intracellular cAMP and Ca 2 levels, exhibit weak adipogenic properties; 19 and (iii) prostacyclin has been identi®ed as the chemical relay allowing a`cross-talk' between adipose and preadipose cells both in vitro 18 and in vivo (R Ne Âgrel et al, unpublished results). When preadipose and adipose cells are co-cultured and exposed to angiotensin II, this peptide binds to speci®c receptors in adipocytes, which respond by a speci®c increase in prostacyclin production. 18 From in vitro and in vivo studies, it has thus been hypothesized that angiotensinogen (AT) is the ®rst partner in a paracrineaautocrine mechanism in which only mature adipocytes secrete AT. 20 The fact that adipose tissue is the second largest producer of AT after the liver is also of interest since epidemiological studies have shown a tight correlation between accumulation of intra-abdominal fat and high blood pressure, 21 but the contribution of AT produced by adipose tissue to this pathophysiological situation is not well understood. As a ®rst step to gaining some insight into this phenomenon, we studied the effect of glucocorticoids on AT gene expression and AT secretion in adipose cells, as the relative enrichment of glucocorticoid receptors has been consistently implicated over the last decade in the selective development of human visceral fat. 5 Moreover, the role of glucocorticoids and the importance of the hypothalamic ± pituitary ± adrenal axis in excessive development of adipose tissue have been documented in two models of transgenic mice. 22, 23 In both cases, the observed increase in corticotropin-releasing factor and corticosterone levels was accompanied by an increase in adiposetissue mass, with the development of Cushing's syndrome in mice overexpressing corticotropin-releasing factor. 23 Our results have shown that, in contrast with liver cells (which have been reported to respond positively to glucocorticoids), estrogens, tri-iodothyronine (T 3 ), growth hormone and angiotensin II, Ob1771 adipocytes were only responsive to glucocorticoids for up-regulation of AT gene expression and AT secretion. 24 Moreover, since an association exists between body mass index, hypertension and insulinresistance, the role of insulin on the regulation of AT gene expression and AT secretion was also examined in culture mouse adipocytes. Within a physiological range of concentrations (1 ± 17 nM), insulin exerted a negative effect on the abundance of AT mRNA and the secretion of AT from adipocytes. 25 Alterations of insulin-resistance by treatment of adipose cells with TNF-a or the thiazolidinedione BRL49653 led respectively to a decrease or an increase in the potency of insulin to down-regulate AT gene expression, whereas maximal inhibition by insulin increased from 30% in TNFa-treated cells to 60% in BRL49653-treated cells. So far, similar studies in cultured human adipocytes have not yet been reported but, in aggregate, our data suggest that HPA disturbances leading to hypercortisolism and insulin-resistance should lead in turn to increased AT production, increased blood pressure and adipose tissue enlargement.
